INTRODUCTION
membrane dialysis and acetyl amine affinity column (Lixell, Kaneka, Osaka, Japan) have been introduced to End stage of renal failure is no longer a life-threatenprevent the accumulation of β 2 -microglobulin in the ing disease for most patients now that hemodialysis and blood of hemodialysis patients (7) . peritoneal dialysis are widely available (1). However, While kidney transplantation is the most effective hemodialysis as presently practiced substitutes for only treatment for renal failure, donor shortage is a worlda limited range of kidney functions (i.e., management of wide problem. Thus, it is hoped that regenerative mediwater and ion balance and removal of low molecular cine may eventually replace organ transplantation. Howweight metabolic end products, such as urea, creatinine, ever, despite strenuous efforts of researchers thus far, etc.). Other renal functions, such as erythropoietin proorgan reconstruction at therapeutically useful levels has duction and activation of vitamin D, have to be substinot been accomplished. One factor that is thought to imtuted exogenously. Progress in treatment has led to inpede the survival and function of transplanted cells is creasing numbers of long-term survivors among patients that the cells establish themselves poorly at the graft site without kidney function, and this makes another compliand are eliminated in a nonimmunological manner. Excation, dialysis-related amyloidosis, more urgent (6,17).
perimentally, hepatocyte transplantation succeeds only if The latter syndrome is characterized by the accumulathe host liver is damaged beforehand by irradiation (8), tion of amyloid substances around joints and peritendon hepatotoxins (14,16), induction of apoptosis (13) , or inareas accompanied by dyskinesia and severe pain, retroduction of hepatotoxic transgenes (2,3). Needless to sulting in marked reduction of patients' quality of life.
say, these protocols are not practicable in the clinical Because the amyloid precursor, β 2 -microglobulin prosituation. duced mainly by lymphocytes, is catabolized by the Tissue transplantation is an attractive alternative to renal proximal tubular cells, kidney transplantation is compensate for the disadvantages of organ or cell transthe most effective treatment, although high-performance plantation. To this end, we conducted kidney tissue 414 ENOSAWA ET AL.
transplantation experiments and found that the tissue Antibodies survived long term and retained histological characteris-Anti-megalin polyclonal antibodies were obtained by tics of kidney.
immunizing rabbits with a mixture of two different parts of synthetic peptides (20 and 16 mer; amino acid se-MATERIALS AND METHODS quences 4251-4269 and 4289-4303) conjugated with keyhole limpet hemocyanin. The antiserum was purified Animals and Surgical Procedures to IgG by protein G (Mab Trap, Amersham Biosciences, Inbred LEW rats (specific pathogen free, SEAC Yo-Piscataway, NJ) before use. shitomi, Fukuoka, Japan) were used throughout the experiments. All experimental procedures were designed
Histological Examination according to our institutional animal ethics guidelines A thin cryocut section of the frozen samples was based on those of the NIH (18) . Kidneys were taken stained with rabbit polyclonal antibodies specific for from 2-day-old to 14-week-old rats under ether anesthemegalin or glut2 (sc-9117, Santa Cruz Biotechnology, sia and pieces excised approximately 1 × 1 mm or less Santa Cruz, CA) as primary antibodies. Briefly, the in size from cortex, medulla, and calyx ( Fig. 1 ). Recipislides were air dried and fixed in acetone, then stained ent liver was cut to make a small pouch by microforceps with primary antibody diluted to 1/200 in phosphatejust beneath the serosa and a fragment of kidney tissue buffered saline containing 2% bovine serum and 0.1% was inserted into the pouch. The open end of the pouch sodium azide at 4°C overnight. Thereafter, we incubated was sutured with 7-0 polypropylene needle-suture (3/8 the slides with a secondary antibody, horse radish perox-9.5-mm 7-0, Kyowa Co. Ltd, Chiba, Japan) to stop idase-conjugated goat anti-rabbit IgG (sc-2004, Santa bleeding and to mark the site of transplantation. No Cruz Biotechnology) diluted 1/100 in the above working modification of kidney function of recipient rats was solution. Color development was done with diaminobenperformed. In preliminary experiments, kidney fragzidine (Dojin Chemicals, Osaka, Japan). ments were implanted in subcutaneous tissue, spleen, omentum, or remnant liver remaining after partial (70%) RESULTS resection at the time of implantation. The transplanted tissue was harvested en bloc at 2, 4, or 8 weeks or 6 or
Transplanted renal tissue was found almost intact in the liver 2 weeks after introduction in all recipients (n = 12 months after grafting. Each experiment was performed with three to four rats. The tissue was fixed with 3) ( Fig. 2A) . Tissue transplanted to other sites, such as subcutaneous tissue, spleen, or omentum, disappeared 5% neutralized formalin for hematoxylin and eosin staining or quickly frozen in OCT compound (Sakura completely, probably due to nonspecific inflammatory elimination or insufficient supply of nutrients. In con-Finetek, Tokyo, Japan), using liquid nitrogen for immunohistochemistry.
trast, there was no necrotic area in the transplanted tis- sue and renal structure was well preserved, including (11) , was detectable in tubules especially in the medulla and calyx 4 weeks after transplantation (Fig. 3B, C) . The glomeruli and tubules (Fig. 2B) . In addition, one glomerus was probably still able to secrete serous material staining intensity was slightly lower in the cortex, due to low expression of the protein or reduced frequency of ( Fig. 2A, asterisk) .
Immunohistochemically, megalin, an endocytosis re-surviving cells (Fig. 3A) . On the other hand, the glucose transporter, glut2, a typical marker of proximal tubule ceptor for macromolecules including β 2 -microglobulin (4), was positive on the cells in cortex and medulla, but plantation ( Fig. 4A-C) . All three components were detectable 8 weeks after grafting (tissue survival rate: 3/3 virtually negative in calyx ( Fig. 3D-F) .
The difference in survival in different renal areas is in Fig. 4A-C) . Only calyx was found 6 months ( Fig.  4D ) and 12 months (Fig. 4E ) after grafting (tissue sur-shown in Figure 4 . Cortex, medulla, and calyx components were all still found in the liver 8 weeks after trans-vival rate; 2/3 in Fig. 4D and 2/2 in Fig. 4E ). The tubule Only calyx was found 6 months (D) and 12 months (E) after grafting (tissue survival rate: 2/3 in case D and 2/2 in case E). The tubule structure was well preserved in calyx at all times. Implantation was performed with three rats in each group. The survival rate is the number of survivors/number of implanted rats. L, host liver; K, transplanted kidney. Original magnification ×200.
structure was well preserved in calyx at all times, than 1 year is a known risk factor for graft loss (15). These marginal or even less than marginal donors could whereas cortex and medulla disappeared or were replaced by granuloma. In preliminary experiments, par-nonetheless still represent a source of tissue for transplantation of organ fragments and, at the same time, the tial (70%) hepatectomy was performed at the time of tissue transplantation, with the expectation that in-statement of "gift-of-life wish" by organ donors will be satisfied. creased levels of hepatocyte growth factor (HGF) might contribute to survival and proliferation of the trans-Unlike organ transplantation, in which the whole organ is replaced, tissue or cell transplantation is of low planted tissue, because HGF has been reported to activate growth and recovery of kidney cells (12). However, risk even if the graft is rejected, because most patients can survive with their own organs for a while. There-no detectable effect on tissue survival was observed. In addition, tissue from infantile kidney (2 days after birth) fore, patients are able to wait for reviving or repopulating cells. In this sense, tissue or cell transplantation will did not show marked prolongation of survival or enlargement of the tissue. The only factor thus far identi-be suitable either for the therapy of chronic disease or prophylactic treatment against latent disease, such as di-fied as likely to influence the fate of the graft is the size of the transplanted tissue fragment. No tissue larger than alysis-related amyloidosis. The development of extracorporeal bioartificial kidneys is a current topic in the 1 × 1 mm in size survived in the liver.
field of artificial organs, aiming to overcome the limita-DISCUSSION tion of present hemodialysis treatment (9, 10) . Harmonization of technology developed in the tissue engineering In animal experiments, nonvascularized transplantation or transplantation without vascular anastomosis has used for assembling of artificial organs and tissue transplantation may contribute to achieving optimal immu-been tested for several tissues, including thymus in the kidney, trachea and small intestine in subcutaneous tis-noisolation with retention of high-performance biological activities, resulting in an innovation in regenerative sue, and myocardium in the auricle. Transplantation of isolated islets of Langerhans into the liver or kidney is medicine. also a type of nonvascularized tissue transplantation. REFERENCES Clinically, tissue transplantation is performed with cornea, skin, bone, cardiac valve, and islet. However, there
